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Summary
Between 2012-2014, the germination abilities of lemon balm seeds 
were tested. The investigated seeds were obtained from lemon balm 
breeding project conducted in Institute of Natural Fibres & Medici-
nal Plants (INF&M), of Poznań, Poland. The germination rates were 
calculated by using International Rules for Seed Testing (ISTA) 
seed germination rules and a high fluctuation of germination rates 
was observed. A low rate of germination usually devalues the seeds. 
Therefore, the anatomy of the investigated lemon balm seeds was 
analyzed by scanning electron microscopy (SEM) and a tetrazolium 
test was done. SEM analysis showed correct morphological structures 
for all seed parts. In particular, the embryos, endosperm and testa 
were well and correctly developed and abnormal seeds parts were 
not found.  The tetrazolium test revealed a high rate of vitality for the 
investigated strain seeds. Thus, before seed are disqualified because 
of low germination rate, we recommended that other useful tests 
should be done.
Introduction
Lemon balm (Melissa officinalis L.) is a valuable medicinal plant 
native to southern Europe (near the Mediterranean) and western Asia. 
The species is commonly cultivated in Europe; in Poland it occupies 
an area of approximately 5000 ha. Lemon balm herb (Melissa 
herba) and lemon balm leaves (Melissa folium), the components 
of herbal mixtures, are used as a digestive, antispasmodic, sedative 
and antiviral remedies. Lemon balm is recommended in case of 
sleep disturbances, headache, colds and functional gastrointestinal 
disorders (Aziz and El-Ashry, 2009). Most of its pharmacological 
properties have been attributed to its essential oil components 
(UyAnik and GUrbUz, 2014). Lemon balm essential oil (Melissa 
oleum), with its fresh lemon odor and light yellow colour, is obtained 
from the leaves or the herb itself by hydro-distillation, and consists 
mainly of citronellal (2-40%) and citral (10-30%). Citral, itself a 
mixture of the two monoterpenes geranial and neral (Aziz and El-
Ashry, 2009), is widely used in the food and cosmetic industries 
thanks to its lemon aroma. 
In addition, the essential oil can be used as antioxidant, and has 
antimicrobial and free radical scavenging capacities. It may be also 
used as an antiviral agent against herpes simplex virus type 2 (sAEb 
and GholAmrEzAEE, 2012). Lemon balm oil is widely used by 
the pharmaceutical, cosmetic and food industries (mEnEzEs et al. 
2015). Finally, lemon balm may also be useful as an insect repellent 
(AbbAszAdEh et al., 2009).
Lemon balm is a perennial plant that reaches maximum of 1 m with 
hairy, deeply veined, heart-shaped leaves which are 2 - 8 cm long. 
The flowers, 4 to 12 in small clusters, are white or pale pink. Lemon 
balm is a cross-pollinating species and its ovate seeds are black or 
dark brown. The weight per thousand seeds varies from 0.5 to 0.7 g. 
Lemon balm has a hairy root system with many lateral branches which 
adapt well to different environmental conditions (morAdkhAni 
et al., 2010), but during cultivation, lemon balm plants prefer warm, 
sunny sites. Plant can grow rapidly at the temperature from 15 °C 
to 35 °C and require 500 to 600 mm of precipitation well distribu-
ted over the growing season (sAEb and GholAmrEzAEE, 2012). 
The seeds germinate at 10-12 °C, but the proper temperature for 
germination is 18-20 °C (TobEh et al., 2013). Many factors (envi-
ronmental and agricultural) affect herb yield, essential oil content 
and composition, and seed yield and quality (PATorA et al., 2002; 
FArAhAni et al., 2009; VAVErkoVA et al., 2012; shAroPoV et al., 
2013; Nurzyńska-Wierdak et al., 2014; sinGh et al., 2014; 
UyAnik and GUrbUz, 2014). Seeds are the main propagation me-
thod. It is recommended to use mature, well developed seeds with 
a high germination rate. While there have been many studies deter-
mining essential oil composition under different conditions, infor-
mation about lemon balm seed quality are very limited. sEidlEr-
ŁożykoWska et al. (2013), who evaluate the variability of lemon 
balm genotypes, reported that seed yield yield varied from 22 g to 
182 g/m2 in the analyzed collection, and the weight per thousand 
seed ranged from 0.356 g to 0.632 g (seed yield being positively 
correlated with the weight per thousand seeds). Wahl and PlEschEr 
(2014) analyzed lemon balm seed quality on the German seed mar-
ket, and found that in 2009-2011, 33-82% of seed batches fulfilled 
the suggestions according to germination standards. 
Seed dormancy is a major factor influencing the timing of seedling. 
Initiation of this process depends on many environmental and phy-
siological factors (nonoGAki, 2014). The proportional amounts of 
two antagonistic plant hormones, ABA and gibberellins regulate 
seed germination in most plant species. Maternal ABA especially 
is involved in the induction of seed dormancy, and it inhibits seed 
germination (bAskin et al., 2000; kAnno et al., 2010).
Seed permeability by water or gases also plays an important role in 
maintaining seed viability and germination. The initiation of germi-
nation depends on many environmental factors, including thermal 
cardinal points: the minimal, maximal and optimal temperatures for 
initiating this process. Other environmental factors, such as the sub-
strate and the availability of water, also affect the process of seed 
germination. 
The tetrazolium test is widely recognized as an accurate method for 
estimation of seed viability and providing labeling information for 
immediate shipment of seed lots (without waiting for completion 
of germination test) is necessary. It is also a valuable technique for 
deter mining reasons for deficiencies of germination. 
At the Institute of Natural Fibres and Medicinal Plants, an on-going 
breeding project, with multidirectional evaluation of morphologi- 
cal, chemical and yielding traits, is being conducted to obtain new, 
valuable cultivar of lemon balm. During this project the high fluc-
tuation of seed germination rates was observed, which inspired the 
authors to closely analyze the anatomy of the lemon balm seeds in 
question. 
Materials and methods
In 2012, the plant breeding nursery consisting of four breeding 
strains (7, 28, 33, 33/II) was established in the field and in the spatial 
isolation. The strains were selected from the lemon balm breeding 
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Tab. 1:  Mean squares from two-way analysis of variance for observed traits to compare age of seeds and year of collecting
 Source of variation d.f. Comparison of age of seeds Comparison of years of seed collection
   Germination viability Germination rate Germination viability Germination rate
 Experiment 1 130.67** 400.17** 1568.167*** 3432.04***
 Strain 3 6399.28*** 5490.33*** 4072.444*** 5131.38***
 Experiment × Strain 3 3.11 19.61 223.278*** 145.26*
 Residual 16 13.54 37.5 8.417 30.54
d.f. - number of degrees of freedom
** P<0.01; *** P<0.001
project of INF&MP. The seeds to be analyzed were collected in 
the second year (2013) and in the third year (2014) of the nursery 
growing program. They were collected by hand at ripeness, and then 
dried, threshed and cleaned. Finally, seed yield of and weight per 
thousand seeds were estimated, before the seeds themselves were 
stored in refrigeration at the controlled temperature of 5 °C in the 
paper bags. The germination analysis of seeds harvested in 2013 was 
done in February 2014 and 2015 and seeds harvested in 2014 were 
analyzed in February 2015. In 2014, the evaluation of seed germi-
nation of lemon balm cv. ‘Quedlinburger Niederliegende’ was also 
done. These seeds had been collected and stored in 2013 and origi-
nated from Pharmasaat (Germany).
The evaluation of germination was done  according to ISTA rules 
(ISTA, 2010) which for lemon balm seed recommended germination 
on filter paper in a temperature range of 20-30 °C. After 4-7 days 
the first counting of germinated seeds is recommended and the last 
counting after 21 days. In case of low germination rate, seed cooling 
is advised. 
Germination on filter paper 
In accordance with ISTA rules, 100 seeds of each evaluated strain 
were placed on 90 mm Petri dishes on two disk of filter paper in four 
repetitions. Then the distilled water was added. 
The germination experiment was done at 24 °C, and after four 
days the germinated seeds were counted and removed from the 
dishes. The last counting of the germinated seeds was done in the 
21st day of examination. 
Germination in peat media
In April 2015, further seed samples of strain seeds were germinated 
in a peat medium. One hundred seeds of each lemon balm strain 
under investigation were sown in one row on the seedling tray filled 
with 15 cm layer of peat, in three repetitions. The trays were placed 
in greenhouse and keep watered. After 21 days the seedlings were 
removed from the peat and counted. 
Scanning electron microscopy (SEM) 
The biological material used for scanning microscopy observation 
consisted of 10 seeds of the each lemon balm strain and was fixed in 
a 5:5:90 (v:v:v) mixture of glacial acetic acid:formalin (40%):etha-
nol (70%) and dehydrated in a graded acetone series (40%, 70%, 
80%, 100%). Samples were analyzed in the scanning electron mi-
croscope (LEO1430VP) with an accelerating potential of 15 kV.
Tetrazolium test for seed viability and vigor 
The analyses were also based on ISTAʼS rules, recommendations 
and methodologies for seed testing. Sixty seeds were soaked in ste-
rile distilled water at 20 °C for 18 hours. Each seed was then cut in 
half and immersed in 1% tetrazolium solu tion (pH 6.5). The samples 
were incubated for 18 hours at 30 °C. The dried seeds were obser-
ved and examined under a microscope. Each analysis was done in 
four repetitions. Two-way analysis of variance (ANOVA) was used 
to analyze germination viability and germination rate with years of 
collection and age of seeds as the two fixed factors. The least sig-
nificant differences (LSD) test was used to distinguish significant 
differences.
Results and discussion
The results of analysis of variance for comparison age of seeds and 
year of collection indicated that the main effects of strains were sig-
nificant for both evaluated traits: germination viability and germina-
tion rate (Tab. 1). According to ISTA rules, the germination viability 
and germination rate of the investigated strain seeds collected in 
2013 and 2014 were very low (Tab. 2). The seeds collected in 2013 
after six months of storage germinated at rates varying from  22% 
(strain 7) to 87% (strain 33/II), while those which were harvested in 
2014 after six-month storage germinated at rates between 5% (strain 
7) and 65% (strain 33/II) only. In both group of lemon balm seeds, 
seeds of strain 7 and 33 had the lowest rate of germination. After 18 
months of cool storage the rate of 2013 seed germination decreased 
from 14% (strain 33) to 80.7% (strain 33/II). Germination rate of 
the seeds of German cultivar ‘Ouedlinburger Niederliegende’, done 
in 2014, was high (86%), but the age of these seeds was unknown 
(Tab. 2).
In our long experience with medicinal plant seed germination the 
lemon balm seeds of breeding strains collected in 2013 and 2014 
had the lowest rate of germination compared to the average of those 
which were germinated in years 2004 - 2014 (Tab. 3). 
Using SEM, lemon balm was observed to have produced. ovate 
black or dark brown seeds with an average length 1.82 mm (Fig. 1a). 
The lemon balm seeds were covered by a thin testa with a raphe 
visible on its surface (Fig. 1a). The seed coat was made of uniform 
and tight packed cells. The testa surface was characteristically sculp-
tured with numerous cavities and convex (Fig. 1b). At the narrow 
end, the abscission tissue consisted of sclerenchymatous cells was 
observed (Fig. 1c, d). The seed interior was filled with the endosperm, 
a nutrinal tissue containing store substances for the embryo. After 
discontinuation of testa differentiated endosperm has been released 
(Fig. 2a, d). The seed coat was made of three layers. The surface 
and subepidermal layer was consisted of flattened, sclerenchyma- 
tous cells. The middle layer was made of subsurface, elongated 
sclerenchymatous cells, which was arranged anticlinal to other lay-
ers (Fig. 2b). Immediately under the testa was an aleuron grain endo-
sperm (Fig. 2 c, d, e) and deeper amorphous proteins were observed 
(Fig. 2 d, e, f). The embryo was centrally located and surrounded by 
the nutritive tissue developed inside the seed (Fig. 2c). 
Tetrazolium test revealed the viability of the embryos developing in-
side the seeds (Fig. 3). Red colouration was assigned to viable seeds 
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Tab. 3:  Germination viability and germination rate of lemon balm seeds collected in years 2001 - 2010
 Year of collecting Year of germination trial Age of seeds [years] Germination viability [%] Germination rate [%]
 2001 2004 3 50 72
 2002 2004 2 68 78
 2003 2004 1 55 74
 2003 2005 2 69 80
 2005 2006 1 63 71
 2006 2009 3 73 82
 2007 2009 2 56 63
 2009 2010 1 52 62
 2006 2011 5 79 87
 2007 2011 4 59 67
 2009 2011 2 86 92
 2010 2011 1 66 74
 2005 2012 7 31 40
 2006 2012 6 30 36
 2009 2012 3 82 88
 2010 2012 2 60 66
 2009 2014 5 73 84
 2010 2014 4 51 67
Tab. 2:  Germination viability and germination rate of lemon balm strain seeds collected in 2013 and 2014
 Strain number Year of collecting Year of germination trial Age of seeds [months] Germination viability  Germination rate 
     [%] s.d. [%] s.d.
 7 2013 2014 6 10.3 5.512 22.0 4.583
 28 2013 2014 6 8.3 2.082 46.7 12.014
 33 2013 2014 6 16.3 6.11 24.7 7.506
 33/II 2013 2014 6 75.3 1.528 87.0 1
 LSD0.05    4.50  7.49 
 cv. ‘Quedlinburger  unknown 2014 unknown 65.0 - 86.0 -
 Niederliegende’
 7 2013 2015 18 5.7 2.082 18.0 2.646
 28 2013 2015 18 3.0 1 35.0 3.606
 33 2013 2015 18 10.3 1.528 14.0 1.732
 33/II 2013 2015 18 72.7 6.658 80.7 7.371
 LSD0.05    3.19  5.3 
 7 2014 2015 6 0.7 0.577 5.0 1
 28 2014 2015 6 2.0 1 8.3 3.055
 33 2014 2015 6 1.3 0.577 6.3 2.082
 33/II 2014 2015 6 41.7 3.055 65.0 2.646
 LSD0.05    3.55  6.76
(Fig. 3 a, b, c) and white to non-viable ones (Fig. 3d). In viable seeds 
both embryos and endosperm were uniformly stained by phormaza-
ne (Fig. 3a, b). The viability of the tested seeds was high in each in-
vestigated lemon balm strain (96.67 - 98.89%) and it was not depend 
on age of seeds (Tab. 4). 
The results of two-way analysis of variance indicated that main ef-
fect of strain and effect of strain × year of collection interaction were 
significant for the germination rate of lemon balm seeds done in 
peat medium (Tab. 5). The main effect of year of collection was not 
statistically significant.
The germination rate of strains seeds done in peat medium was high 
and varied from 83% (strain 33/II, 2013) to 95% (strain 7, 2013) 
(Tab. 6). These results confirmed data obtained with tetrazolinum 
test.
The recent study done by Wahl and PlEschEr (2015), who ana-
lyzed the impact of temperature to the seed germination of chamo-
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Fig. 1:  Picture from scanning electron microscope (SEM). Morphology of lemon balm seed of the strain 7/2014. (A) The shape and size of seeds, 200 μm. 
(B) The characteristic sculpture of the seed coat texture (testa) with numerous cavities and convex (arrows), 20 μm. (C) The abscission tissue (cut-off) 
(star), 20 μm consisted of (D) sclerenchymatous cells (star), 10 μm.
Fig. 2:  Picture from scanning electron microscope (SEM). Structure of the lemon balm seed, strain (28/2013). (A) The seed with the damaged testa  30 μm. 
(B) Longitudinal section of the seed coat, 1 - crushed sclerenchymatous cells surface, 2 - subsurface cells sclerenchymatous cells arranged anticlinal 
to other layers 3 - sclerenchymatous  cells arranged subepidermal side 20 μm. (C) Part of embryo tissue (arrow) and endosperm layers below testa 
(asterisk), 20 μm. (D) A different structure of the endosperm of the seeds lemon balm, aleurone layer of grain (arrow) and amorphous protein 
(asterisk), 20 μm. (E) Endosperm layers in the mature seed: aleurone grains (arrow) amorphous protein (asterisk) 10 μm. (F) The endosperm in the 
form of an amorphous protein under the surface of the seed, of 10 μm (F).
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Tab. 5:  Mean squares of two-way analysis of variance for germination rate 
done in peat medium 
 Source of variation                    Germination rate [%] 
  d.f. Sum of Mean squares F-statistic
   squares
 Strain (S) 3 141.458 47.153** 5.99
 Year of collection (Y) 1 30.375 30.375 3.86
 S × Y 3 150.125 50.042** 6.35
 Residual 16 126 7.875  
d.f. - number of degrees of freedom
** p<0.01
Tab. 4:  Viability and vigour of lemon balm seeds collected in 2013 and 2014 by tetrazolinum test
 Strain number Year of collecting Year of test trial Age of seeds [months] Viable seeds [%]
 7 2013 2015 19 95.56
 28 2013 2015 19 98.33
 33 2013 2015 19 98.88
 33/II 2013 2015 20 97.78
 7 2014 2015 8 98.89
 28 2014 2015 7 96.67
 33 2014 2015 8 96.67
 33/II 2014 2015 8 96.67
33/20 °C (day/night). The authors tested six cultivars of lemon balm, 
which showed a germination capacity range from 69.5% (cv. ‘Off-
stein’) to 100% (cv. ‘Erfurter Aufrechte’).  
hAssAnzAdEh et al. (2014), who analyzed the effect of salicylic acid 
on lemon balm seed germination under salinity stress, determined 
the seed germination rate varying from 73% to 91%. The inves-
tigated seeds were nine months old and have been stored in the 
paper bags in temperature of 4 °C and 20% relative humidity. These 
seeds were thus stored in the conditions similar to our investigated 
of lemon balm strains seed. The authors reported that germination 
rate was significantly increased by salicylic acid under salinity con-
ditions compared to the non-treated ones.
kArimiAn (2011), in determining the germination rate of lemon 
balm seeds after different time of hydropriming, reported the low 
germination rates (from 21% to 63%) and the highest rate was achie-
ved after 21 hours of hydropriming. The author did not give any 
information about seed origin and storage conditions. 
The investigation done by hosEini et al. (2013) showed that the 
magnetic priming of lemon balm seeds increased the germination 
rate to 86% (for seeds treated by magnetic field) compare to the un-
treated control, with had a rate of 58%.
Fig. 3:  Pictures of stereoscopic microscope. Tetrazolium test viability of the embryos developing inside the lemon balm seeds (scale bar = 0.5 mm). (A) 
Viable endosperm and embryo stained in red without the seed coat, strain 7/2013, (B) strain 7/2014. (C) Longitudinal section through viable seeds 
lemon balm with embryo stained in red, strain 28/2013. (D) Longitudinal section through the dead seed lemon balm with non coloured embryo, strain 
33 / II / 2014.
mile, lemon balm and valerian showed that lemon balm germinates 
at warm temperature which affects on duration of germination. In 
lower temperature 15/8 °C (day/night) germination started between 
9 and 13 days after sowing. For quick (after 4-5 days) lemon balm 
seed germination the optimal temperature was between 27/18 °C and 
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Conclusion
SEM analysis of lemon balm seeds showed correct morphological 
structure of all seed parts. The embryos, endosperm and testa were 
well and correctly developed. Abnormal seed parts were not found. 
The tetrazolium test revealed a high rate of vitality of the investiga-
ted seeds. Despite these positive results of morphology and viability, 
their germinate rate was very low following the ISTA rules of lemon 
balm germination. Plant breeder and seed producer should therefore 
declare the germination rate of the seeds they offer. Low rate of ger-
mination usually devalues the seeds, even though other tests (SEM 
observation, tetrazolium test or in vivo) might show completely dif-
ferent results. Thus, before seed disqualification in case of low ger-
mination rate, other useful tests should be recommended. 
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Tab. 6:  Germination rate of lemon balm strain seeds done in peat medium in greenhouse 2015
 Strain number Year of collection Germination rate [%] Standard deviation Year of collection Germination rate [%] Standard deviation
 7 2013 95 2 2014 91 3
 28 2013 93 2.517 2014 87 5
 33 2013 93 1 2014 87 1.528
 33/II 2013 83 3 2014 89 2.517
LSD0.05 S: 3.435; Y:2.429; S × Y: 4.857
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